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ABSTRACT
In this work, SnO, nanoparticles calcinated at 500 °C were prepared by the sol-gel route. The structural and

optical properties of the prepared sample were studied by X-ray diffraction (XRD), Scanning electron
microscopy (SEM), Energy dispersive x-ray spectroscopy (EDX), UV-Visible spectroscopy,
Photoluminescence spectra (PL) and Fourier transformed infrared spectrum (FTIR). The XRD reveals the rutile
tetragonal structure of the prepared sample. The mean crystallites size of developed SnO; nanoparticles was
found to be 35.74 nm. The fine arrangement of spherical, circular grains along with some nanostructures
obtained, and it is well supported by SEM images. The EDX spectra support the existence of the tin and oxygen
elements. The 55% transmission was confirmed by UV-Visible spectroscopy. PL spectra confirmed the
presence of one strong peak. FTIR confirms the presence of chemical bonding and functional groups.
Keywords: SnO2, nanoparticles, sol-gel.

INTRODUCTION

The nano scale size of particles, particularly of oxide materials (TiO2, SnO2, ZnO etc.) has made the field of
material science more applied and fascinating area of research due to their versatile applications such as
optoelectronics, lithium battery technologies, photo-solar cell and so on. Researchers have noted so many
peculiar properties of these metal oxide nanoparticles (below 100 nm) to those bulky materials. Out of these
metallic oxide nanoparticles SnO. nanoparticles offer a wide range of applications in photo catalysis materials
[1], transparent conducting electrodes & transistors [2], lithium-ion batteries [3], dye-sensitized solar cells i.e.,
DSSCs [4] and gas sensors [5] because of its good electron mobility, optical, gas-sensing and electrochemical
properties [6].

The technological interest of tin oxide for electrodes of the solar cell, gas sensors, transparent conducting
electrodes, and catalyst supports arise because of its fine chemical and mechanical stability [7]. Generally tin
oxide is found in two states stannic (SnO2; Sn has valency equal to +4) and stannous (SnO; Sn has valency
equal to +2) with the rare existence of two other forms such as Snz04 and Sn.O3. SnO behaves like an insulator
in the visible spectrum while SnO> used as a transparent conductor due to its low resistivity and good optical
transparency. At room temperature the energy band gap (Eg) of SnO (p-type) lies between 2.2 and 3.0 eV and
for n-type SnO: it is equal to 3.5 eV [7-8].
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Various synthesis methods are used by different researchers for preparing SnO2 nanoparticles, which includes
chemical vapour deposition, sono-chemical method, thermal evaporation, dc-plasma reaction, sol-gel, molecular
beam epitaxy, sputtering, spray pyrolysis, and solution-derived synthesis [9-16].

Li et al., [17] obtained tin oxide (SnO2) nanocrystals by two-step solid-state reactions. These nanocrystals have
an irregular ball shape with grain size equal to 20 nm, and they can be used as selective gas-sensing materials to
EtOH. Sun et al., [18] developed SnO: nanorods by the oriented accumulation of single SnO nanoparticles via
solid state reaction method.

Aziz et al., [19] synthesized SnO> nanoparticle in the range of 22-31 nm size via a sol-gel method by using
polyethylene glycol at calcination temperature of 450 °C and found that the average particle size increases with
the rise of the calcination temperature. By employing same sol-gel route Gnanam and Rajendran [20] fabricated
tin oxide (SnO.) nanoparticles with crystal sizes 3.9, 4.5 & 5 nm by the reaction of SnCl4+.5H20 in water,
ethanol and methanol, and they revealed that the solvents played crucial role in the crystallite size effect of
nano-crystalline SnO,.

The sol-gel method has been chosen in current work for the development of SnO. nanoparticles over the other
methods because of various advantages like: lower processing temperature, good similitude, regulated
stoichiometry, cost effectiveness, and flexibility of forming nanoparticles.

EXPERIMENTAL METHOD

Sol-gel route for the formation of SnO2 nanoparticles

The standard sol-gel route was used for the development of tin oxide nanoparticles. The tin (Il) chloride
dehydrates, ethylene glycol and mono ethanol amine (all of AR grades) were used for

the synthesis of SnO2 nanoparticles. Initially, 10 gm of tin (1) chloride dehydrate was dissolved in 15 ml of
ethylene glycol with the constant stirring and after 1 hour, 10 ml of monoethanolamine was added drop by drop
in the solution with constant stirring. The crystal clear solution was got after 1 hour of the constant stirring. The
final solution was then heated at 120 °C on a magnetic stirrer for 8 hrs. After 8 hrs, a crystal clear gel was
formed and then gel left for 30 minutes. After 30 minutes, the final gel was calcinated at 500 °C for 3 hrs. After
3 hrs of calcination, final nano sized tin oxide powder was formed which is further used for different
characterization tools to analyze its structural and optical properties.

Characterizations

The structural properties of the synthesized sample were studied in scanning range of 20 from 20 °C to 70 °C by
X-ray diffractometer (Rigaku ULTIMA-IV). The SEM, Model: Zeiss EVOMA and EDAX Model: Oxford
INCA 250 was used for the study of surface morphology and elemental composition of prepared tin oxide
nanoparticles. The optical transmission spectra of the prepared sample was analyzed by U-3900, Model No.
2116-010 in the wavelength range 300-800 nm and luminescence property was studied by Edinberg
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Luminescence Spectrophotometer. Perkin Elmer, spectrum two models were used for the study of FTIR of the
prepared sample (wave number range from 4000 cm™ to 400 cm™).

RESULTS AND DISCUSSION

X-ray diffraction (XRD)

The phase analysis of prepared tin oxide nanoparticles was analyzed by X-ray diffraction technique. Fig. 1

depicts the x-ray diffraction for the prepared sample.
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Figure.1 X-ray diffraction of SnO2 nanoparticles prepared by sol-gel route

The rutile tetragonal structure of tin oxide nanoparticles was supported by x-ray pattern and it is well matched
with JCPDS card no. 41-1445 [21]. Many peaks are observed along (110), (101), (200), (211), (220), (002),
(310), (112) and (301) planes. The high intensity peak is observed along the plane (110). The mean crystallites
size of the prepared tin oxide nanoparticles was measured by Scherrer’s relation [22].

= o (1)

o B Cos@

Where X is the wavelength (4°) used in x-ray diffractometer, B is the full angular width at half maximum in
radians (FWHM), D is the average crystallites size and 0 is the diffraction angle which is calculated from

Bragg’s equation as [23]:

2dsind = nl (2
Where d is defined as the interplanar distance (n=1) and it is calculated from the equation as [23]:
a= e Q

Where h, k, | are the lattice plane index, (a) and (c) are lattice constants. The calculated structural parameters for
prepared tin oxide nanoparticles are as follows: Lattice constants (a=b) = 4.7412 A” and ¢ = 3.19014°, average

crystallites size (D nm) = 35.74 nm, average interplanar distance = 1.82374".
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Scanning electron microscopy (SEM)
To examine the morphology of tin oxide nanoparticles we have used scanning electron microscopy. Fig. 2

depicts the presence of spherical, circular grains along with some nanostructures.

Figure. 2 SEM image of SnO2 nanoparticles prepared by sol-gel route

But there is some non-uniformity in the shape of developed nanostructure and the porosity also exists.
Agglomeration of some spherical grains is also observed because of low calcination temperature.

Energy dispersive x-ray spectroscopy (EDX)

The chemical characterization of the prepared sample of tin oxide nanoparticles is inspected by EDX spectrum.
The EDX image of the prepared sample is shown in Fig. 3. The existence of the tin and oxygen elements is
confirmed by EDX spectrum. The oxygen component (atomic percentage) in the developed sample is found to

be almost double that of tin, hence confirming the chemical composition to be SnO..
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Figure. 3 EDX spectrum of SnOz nanoparticles prepared by sol-gel route
Optical properties
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The transmittance spectrum of prepared tin oxide nanoparticles is plotted in the wavelength (1) range from 300
nm to 800 nm as shown in Fig.4. The optical band gap of prepared tin oxide nanoparticles is calculated from the
transmission spectrum. The transparency of the prepared sample was found to be 55%, which lies in the visible
range. Suresh et al. reported the transmission of 57% for SnO. nanoparticles developed by a co-precipitation
technique [24]. The well-known and most used relation by different researchers which is known as Tauc’s
relation is applied for measuring the band gap (Eg) [23].

ahv = A(hv— E; )" 4)
Where a is the absorption coefficient, A is constant which is energy independent, n is a constant

& its value depends upon the type of transition and Eg is the energy band gap of the sample.
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Figure. 4 UV-Visible transmission spectrum of SnO2 nanoparticles prepared by sol-gel route

The optical band gap of the developed sample is calculated from the extrapolation of plot between (ahv)* (a.u)
and kv (eV). The Tauc’s plot of the prepared sample is depicted in Fig. 5. The optical band gap (Eg) for the

developed tin oxide nanoparticle is found to be 3.26 eV.
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Figure. 5 Tauc’s plot for SnO2 nanoparticles prepared by sol-gel route

Photoluminescence (PL) analysis
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It is a good technique to analyze the optical properties and crystalline quality of the prepared sample. The
photoluminescence spectra for tin oxide nanoparticles are shown in the Fig. 6 at an excitation wavelength of
280 nm. The photoluminescence spectra show one strong peak at 501 nm. The visible state emission at 501 nm

arises due to the reunion of electron-hole pairs from localized states [25].
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Figure. 6 PL spectra for tin oxide nanoparticle prepared by sol-gel route

Fourier transformed infrared spectrum (FTIR) analysis
To study the chemical bond nature and structure in prepared tin oxide nanoparticles we used the FTIR
technique. Fig. 7 depicts the FTIR spectrum reported in the wave number range 4000 - 400 cm™. It exhibits the
H-O-H band at 1628.50 cm™ which is related to the water molecule presents in the surrounding. The absorption
peak detected at 623.11 cm™ corresponds to the stretching vibration of O-Sn-O band [26]. Hence, a preparation

tin oxide nanoparticle is further confirmed by FTIR analysis.
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Figure. 7 FTIR spectrum of SnO2 nanoparticles prepared by sol-gel route
CONCLUSION
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Tin oxide nanoparticles were developed by sol-gel route at 500 °C calcination temperature. The x-ray
diffraction pattern reveals the rutile tetragonal structure for the prepared tin oxide nanoparticles. Agglomeration
of some grains was observed in the SEM image due to good crystallinity of prepared sample. The energy band
gap of tin oxide nanoparticles was found to be 3.26 eV. The photoluminescence emission spectra of tin oxide
nanoparticles exhibit emission at 501 nm. FTIR spectra support the production of tin oxide nanoparticles.
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